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transfer function 



transfer function: 1. A mathematical statement that describes the transfer characteristics of a system , 
subsystem, or equipment. 2. The relationship between the input and the output of a system, subsystem, 
or equipment in terms of the transfer characteristics. Note 1: When the transfer function operates on the 
input, the output is obtained. Given any two of these three entities, the third can be obtained. Note 2: 
Examples of simple transfer functions are voltage gains, reflection coefficients, transmission 
coefficients, and efficiency ratios. An example of a complex transfer function is envelope delay 
distortion . Note 3: For a negative feedback circuit , the transfer function, T, is given by 



7 = ^ 



1 + GH 



where e ^ is the output, e • is the input, G is the forward gain , and //is the backward gain , i.e., the 

fraction of the output that is fed back and combined with the input in a subtracter. 3 . Of an optical fiber , 
the complex mathematical function that expresses the ratio of the variation, as a function of modulation 
frequency , of the instantaneous power of the optical signal at the output of the fiber, to the instantaneous 
power of the optical signal that is launched into the fiber. Note: The optical detectors used in 
communication applications are square-law devices. Their output current is proportional to the input 
optical power. Because electrical power is proportional to current, when the optical power input drops 
by one-half (3 dB), the electrical power at the output of the detector drops by three-quarters (6 dB). 
[ FAA ] 
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An Infinite Impulse Response (IIR) filter produces an output, y(n), that is the weighted sum of the 
current and past inputs, and past outputs. 

The Linear Predictive model is a specical case of an IIR filter and shown in figure 7. 
Xn ^ 7 ] 
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Figure 7: An HR filter 
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The general IIR filter figure 8) is given by: 

J=0 



(11) 



4 = 1 




Figure 8: The general linear filter 

Jfp = 0 then the system represents a finite impulse response (FIR) filter. If p is not zero, then the system 
is an infinite impulse response (IIR) filter. 

An example is the two pole resonator with center frequency CJ and bandwidth related to r is; 

Vn = 2r cos{u)T)y^.i - + - cos(£jT)j?n-i (12) 

Common types of IIR filter: 
Type Characteristics 



Biitterworth maximally flat amplitude 

Bessel maximally flat group delay 

Chebyshev eqiiiripple in passhand or stop-band 

Elliptic eqiiiripple ia passband and stop-band 



For more details see [4]. 
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Finite Impulse Response filters 

A Finite Impulse Response (FIR) filter produces an output, y(nX that is the weighted sum of the current 
and past inputs, x(n). 



3=0 



This is shown in figure 4 with Z representing a unit delay. 

X n-L X n-2 X n-q 

I I ~ I I ~ I I ~ 

Xn 




yn 



Figure 4: A FIR filter 

Consider supplying this filter with a sine wave, Xn = sin(aJfiT): 



(1) 
(2) 



Vn = ^bjsm{u){n- j]T) 

3=0 

Using the identity sm(^ + ^) = sin OcxiSi 0 + COS 9 sin 0: 



(3) 



Vn = E {siii{£iJftT) cos(-£jyT) + COS {u)nT) sin(-:j;T) ) (4) 
= bj rx)s(-£j;T) j sin(ajnT) + bj siJi{-u}jT)\ oos(tjnT) (5) 



The terms in parantheses are independent of time and hence the output is a sinusoid with amplitude: 



^ ^ bj v^i-ujjT)j + bj sm{~u) jT) 



and phase: 
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This method may be used to provide the amplitude and phase response for any FER filter. The transform 
is called the Fourier transform (defined in section 4), and it has a simple inverse. Conversely the filter 
coefficents may be obtained from the desired filter response using the same technique. 

As a simple example, consider a low pass filter where the desired response, is: 



1 r<^: . 
= — B'^^du) 

1 ri ■ i'^" 

= — — e*"^ 

TT 

But this means we need an infinite number of filter coefficients! True enough - real ''brick wall" filters 
are impossible and sharp filters are hard to design. Some solutions: 

• truncate: simple and effective if cycles are short 

• window: use the Hamming window - minimises the power in the side-lobes 

• Use a more complex filter design package, for example Parks-McClelland Remez Exchange 
algorithm, which designs optimal zero-phase FIR filters with arbitrary frequency responses. 

Matlab implements all these, for example ^Tirl(14, 0.5)" is a 15 tap low pass filter that has a cutoff at 
half the maximum frequency. The filter coefficents are a windowed sine funtion, plotted in figure 5 and 
the amplitude response is plotted in figure 6. 



(7) 

(8) 

(9) 
(10) 
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-0.1 1 ^ ^ 
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Figure 5: Example filter coefficiants: plot(firl(14, 0.5), '+') 
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Figure 6: Example filter response: freqz(firl(14, 0.5)) 

FIR filters are computationally expensive to implement but need not introduce phase distortions - usefiil 
in processing high quality speech. 

IIR filters are often much more efficient, but can not be designed to have exact linear phase. 
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